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Introduction

Figure 1 -Monthly Cumulative Enrollment
Primary Project (Cotton-PI) Patients were enrolled into this study at the time blood products were ordered by the attending trauma surgeon. Patients received either whole blood (WB) or component (COMP) therapy and were monitored by direct observation for the first six hours after admission. Coagulation profiles were obtained at 3, 6, 12, and 24 hours after admission. Additional blood samples were drawn for the two sub-projects and were analyzed separately. All data involving the care of enrolled patients were entered into the Trauma Research Database which is approved by the University of Texas Health Science Center (UTHealth) Committee for the Protection of Human Subjects (CPHS). A research statistician, who remained blinded to the treatment group, evaluated the deidentified data for analysis.
AIM 1: In a prospective, randomized trial, evaluate transfusion of stored whole blood and pooled platelets during transfusion therapy.
The randomized trial began enrollment on May 23, 2011 and upon completion of the enrollment period, 1695 patients were screened and 107 were randomized, including 55 WB and 52 COMP, composing the intent-to-treat group. 81 patients received study product (39 whole blood and 42 component), composing the per-protocol group. Demographics, arrival data, initial laboratory, fluids, interventions, complications and outcomes were recorded. Three analyses were completed for this trial, intent-to-treat, per-protocol and sensitivity. In the intent-to-treat analysis, there were no differences between groups, including resuscitative fluids and mortality. As with the intent-totreat group, no significant differences were found in the comparison of per-protocol groups, however there was a trend toward fewer units of platelet transfusions in the first three hours after arrival in the WB group. This analysis identified a disparity in non-survivable traumatic brain injury between groups, so a sensitivity analysis was conducted on the per-protocol group Cumulative Target Cumulative Randomized excluding patients with a head abbreviated injury scale (AIS) ≥3. In this cohort all demographic and baseline data were similar between the WB and COMP groups, however 24-hour RBC, plasma and overall product usage was significantly lower in the WB group. There were no significant differences in complications or mortality between groups. See Appendix B for detailed methods and data tables in the main results manuscript published in Annals of Surgery.
AIM 2: Accurately predict major trauma patients who will require a blood transfusion
Prospective data for enrolled subjects were collected and analyzed. However, missingness is a serious problem within this dataset because of the severity of many patients' injuries. For many severely injured patients, patient care is rightly prioritized over recording data in the medical record by clinical staff. If the data were not recorded in the medical record, it was often difficult to retrieve when filling out the case report forms (CRFs), resulting in missing data for the study. We continue to examine the data and are working with statistical experts from Stanford and the University of California, Berkeley and clinical experts at the US Army Institute of Surgical Research (ISR) to fully achieve this aim within the next six months.
AIM 3: Test commonly utilized point-of-care analysis and determine its reliability in early prediction transfusion needs.
International normalized ratio (INR), thromboelastogram (TEG), activated clotting time (ACT), prothrombin (PT) and partial thromboplastin time (PTT) were also collected on enrolled subjects. We continue to analyze these data as well as the baseline and patient care data collected on the CRFs with the help of the experts mentioned in the previous section. Data collection has been completed. These data are being stored in a centralized de-identified database and will be available to investigators for data mining and analysis with all other data currently being analyzed.
Inflammation and Adiposity after Hemorrhagic Shock and Resuscitation (PI Kozar)
Evaluate sarcopenia based on admission CT and compare to BMI and outcomes.
CTs from patients who were admitted to the ICU, on a ventilator, and had an admission CT scan of the abdomen are being saved on CDs and were sent to our collaborator, Dr. Mourtzakis, for calculation of sarcopenia based on muscle mass at the third lumbar vertebrae. There were 58 patients admitted to the ICU (this excludes deaths < 24 hours and those admitted to the floor or a step down unit). Of the 58 patients, 45 were intubated at least one day. Of the 45 patients that were in the ICU and intubated for at least one day, those with an abdominal CT will serve as the basis for our study. We are in the process of determining which of the 45 patients had an abdominal CT.
Measure serum (adipokines, leptin, adiponectin, and ghrelin).
We obtained serial samples thru 24 hours on 60 patients and samples thru five days on 23 patients. We measured serum adiponectin, leptin, ghrelin, and resistin, and compared values to normal healthy volunteers. Results are shown below. Statistical analysis of changes over time
have not yet been completed, but adiponectin, leptin, and ghrelin were all lower in injured patients than in healthy volunteers at all timepoints. Adiponectin slowly decreased over time; leptin showed no discernible pattern of change over time; while ghrelin slightly increased by day 5. On the other hand, resistin was higher at all timepoints compared to healthy volunteers and increased over time up to day 5.
Determine nutritional adequacy for ICU patients.
In an attempt to correlate serum adipokines with nutritional adequacy, we have thus far focused our efforts on the patients with day 5 labs. Of these 23 patients, 11 were transferred out of the ICU prior to day 5. One was in the ICU but did not receive supplemental nutrition (regular diet only). That left 11 patients to assess nutritional adequacy on, which is defined as total calories and protein received/target total calories and protein x 100.
Nutritional adequacy at day 7 was only 36% (range 20-79%) for calories and 37% for protein.
We are still analyzing the overall population, but preliminary results show that caloric adequacy was only 44% and protein was 45%.
Our data suggests that despite having a well-established feeding protocol and a focus on early enteral feeding, these high risk patients are being grossly underfed. Due to the small sample size (patients remaining in the ICU for at least five days), meaningful statistical analysis is not possible.
Analysis of muscle mass by CT scan in ICU patients
Skeletal muscle and adipose tissue cross-sectional areas were quantified using single slice CT scans at the third lumbar vertebra (L3). Tissue cross-sectional areas at this landmark are strongly correlated to whole body muscle and adipose tissue mass distribution. Skeletal muscle tissues quantified included the psoas, erector spinae, quadratus lumborum, transverse abdominal, internal and external obliques, and rectus abdominus and sarcopenia (low muschle mass) was identified using validated cut points. Adipose tissue compartments analyzed included subcutaneous (SAT), visceral (VAT), and intramuscular adipose tissue (IMAT); summation of these compartments allowed for quantification of total adipose tissue (TAT). There are no other reportable outcomes to report.
Conclusions
The final results of the clinical trial have been published in the October 2013 issue of Annals of Surgery. From the data collected, we can conclude that WB therapy did not reduce transfusion volumes in severely injured patients predicted to receive a massive transfusion when compared to component therapy. Furthermore, no differences were reported in 24-hour and 30-day mortality. However, WB significantly reduced red blood cell, plasma and overall transfusion volumes in patients that did not have a severe traumatic brain injury. We are currently in the process of completing the follow-ups to the community consultation process to report the findings of the trial to the public. As we have previously reported, we have been able to capture and define those patients, provide and system issues experienced in carrying out a randomized trial of patients with life-threatening bleeding. We have been able to use the experience from this trial to progress forward and with another randomized clinical trial in this severely injured patient population. Additional analyses are being performed on ancillary studies with statistical experts from Stanford and the University of California, Berkeley and should be completed in the next six months, resulting in additional publications. Objectives: To determine whether resuscitation of severely injured patients with modified whole blood (mWB) resulted in fewer overall transfusions compared with component (COMP) therapy. Background: For decades, whole blood (WB) was the primary product for resuscitating patients in hemorrhagic shock. After dramatic advances in blood banking in the 1970s, blood donor centers began supplying hospitals with individual components [red blood cell (RBC), plasma, platelets] and removed WB as an available product. However, no studies of efficacy or hemostatic potential in trauma patients were performed before doing so. Methods: Single-center, randomized trial of severely injured patients predicted to large transfusion volume. Pregnant patients, prisoners, those younger than 18 years or with more than 20% total body surface area burns (TBSA) burns were excluded. Patients were randomized to mWB (1 U mWB) or COMP therapy (1 U RBC+ 1 U plasma) immediately on arrival. Each group also received 1 U platelets (apheresis or prepooled random donor) for every 6 U of mWB or 6 U of RBC + 6 U plasma. The study was performed under the Exception From Informed Consent (Food and Drug Administration 21 code of federal regulations [CFR] 50.24). Primary outcome was 24-hour transfusion volumes. Results: A total of 107 patients were randomized (55 mWB, 52 COMP therapy) over 14 months. There were no differences in demographics, arrival vitals or laboratory values, injury severity, or mechanism. Transfusions were similar between groups (intent-to-treat analysis). However, when excluding patients with severe brain injury (sensitivity analysis), WB group received less 24-hour RBC (median 3 vs 6, P = 0.02), plasma (4 vs 6, P = 0.02), platelets (0 vs 3, P = 0.09), and total products (11 vs 16, P = 0.02). Conclusions: Compared with COMP therapy, WB did not reduce transfusion volumes in severely injured patients predicted to receive massive transfusion. However, in the sensitivity analysis (patients without severe brain injuries), use of mWB significantly reduced transfusion volumes, achieving the prespecified endpoint of this initial pilot study. 1 WB continued to be the primary resuscitation fluid in military settings through the beginning of the Vietnam War, with glucose and saline solutions reserved for dehydration and diarrhea. 2, 3 However, after dramatic advances in component separation in the 1960s and the 1970s, blood donor centers began supplying hospitals with individual components [red blood cells (RBCs), plasma, platelets] and removed WB as a readily available product. Although some studies suggested noninferiority in elective surgical cases, no studies of efficacy or hemostatic potential for patients in hemorrhagic shock were performed before these changes. [4] [5] [6] During this period, resuscitation paradigms were further "diluted" with increased use of crystalloids and aggressive catheter-directed strategies. 7 Not surprisingly, the acute coagulopathy of trauma, abdominal compartment syndrome, and adult respiratory distress syndrome began to be identified with increasing frequency. [8] [9] [10] For the next 20 years, the trauma community at large avoided the use of plasma and platelets on the basis of studies from the 1960s and the 1970s (when WB-based transfusions were available); we failed to appreciate the differences between the products used in the studies supporting these guidelines and those that were now available. 11 The work of resuscitation giants such as Carrico and Shires 12 supported the use of saline for hemorrhagic shock "until whole blood is available." Similarly, other landmark articles demonstrated that platelet and plasma transfusions in trauma were unnecessary "as a supplement for whole blood transfusions in bleeding patients." 13, 14 This pilot study set out to assess the use of WB for early resuscitation of civilian patients with trauma. Specifically, we hypothesized that resuscitation of severely injured patients with modified whole blood (mWB) would result in fewer overall transfusions compared with component (COMP) therapy.
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Study Setting
The Texas Trauma Institute at Memorial Hermann Hospital is an American College of Surgeons-verified level I trauma center. Memorial Hermann is the primary teaching hospital for the University of Texas Health Science Center. 
Regulatory Oversight and Approval
Patient Population
Patients were included in the study if they appeared to be 18 years of age or older, met highest-level trauma activation criteria, and had evidence of active bleeding requiring emergent uncrossmatched blood while in the emergency department (ED). Patients were excluded from the study if the patients received more than 4 units of RBC prerandomization, were moribund (cardiopulmonary resuscitation [CPR] or ED thoracotomy prerandomization), had noted religious objection to transfusion, had do not resuscitate (DNR) order documented, were "obviously pregnant," were incarcerated/prisoners, or had an "opt-out" bracelet.
Three other critical exclusions were added to the study protocol after initial protocol development and approval on the basis of a pragmatic design. First, in those clinical situations in which the physician stated that the patient could not wait the additional time for blood typing (an additional 5-10 minutes to the first cooler's arrival), the patient was excluded and standard of care massive transfusion (MT) protocol delivered. Second, as less than 10% of donors to our regional blood center are group B and AB blood types, availability of such products in WB form for our study was in limited supply. As such, these blood groups (B and AB) were excluded from the study after typing and standard of care MT coolers were released. Finally, although we did not list severe traumatic brain injury (TBI) in our exclusion criteria, it was not our intent to include this patient population. Therefore, when we noted that a significant number of patients with severe TBI were being enrolled early in the study, we met with trauma faculty and requested that they take increased efforts to identify and exclude patients whom they felt might have sustained severe TBI. Only 2 patients with severe TBI were enrolled after this intervention and added exclusion.
Intervention, Randomization, and Blinding
This is a single-center, randomized controlled trial of modified whole blood versus standard component therapy (red blood cells, plasma, and platelets) in the early resuscitation of injured patients presenting with evidence of hemorrhagic shock and predicted to receive a large volume transfusion. Patients who met inclusion criteria were randomized in a 1:1 fashion to either WB group transfusions or COMP therapy (COMP group). After randomization, a study cooler was released from the blood bank. Each WB cooler group contained 6 units of WB, whereas each COMP cooler contained 6 units of RBC and 6 units of plasma. In addition, both groups received a room temperature tackle box containing 1 apheresis platelet with each study cooler.
Upon meeting inclusion criteria, research personnel notified the trauma faculty of eligibility and contacted the blood bank directly. Blood bank personnel then randomized the patient by opening a sealed envelope with the assigned study group (WB or COMP). The products were released to the ED tech who returned the products to the patient's bedside (intention-to-treat group). The products remained sealed (and all personnel outside the blood bank blinded) until trauma faculty ordered subsequent transfusion. Once the seal of the cooler was broken, the patient was considered enrolled in the study (per-protocol group) and study and clinical personnel were then unblinded to treatment group. Patients remained on protocol until (1) declaration of hemostasis, (2) death, (3) withdrawal from the study (legal authorized representative [LAR] or patient refusal to continue) or (4) up to 24 hours postenrollment. At that point, should the patients require additional products, transfusions were as directed by the physician in charge of their care.
Description of Study Products
Gulf Coast Regional Blood Center provided all blood products. All units of blood for each study group were typed and crossmatched, leukoreduced, and underwent standard infectious disease testing.
Despite the controversy surrounding leukoreduction, the funding agency's institutional review board (US Army Human Research Protections Office) required that all RBC and WB units be leukoreduced. 15, 16 As such, platelets in the WB units were rendered nonfunctional (and cleared) by the leukoreduction filter. In addition, WB units were kept at 1 to 6
• C for up to 5 days also making the platelets nonfunctional via gross aggregation. 17 Therefore, every 6 units of WB (as with every 6 units of RBC and plasma) were supplemented with 1 dose of apheresis platelets.
Outcome Measure
The primary outcome of interest in this "first of its kind" pilot study was 24-hour blood product use. This was defined as total RBC, plasma, and platelets transfused in the first 24 hours. Each WB unit was assigned a value of 1 unit of RBC and 1 unit of plasma. Secondary outcomes of interest included 24-hour and 30-day mortality, and length of stay, transfusion associated complications, and infections.
Data Collection
Dedicated research personnel in hospital 24/7 collected prehospital data immediately on arrival. Data obtained in the ED, operating room, interventional radiology, and intensive care unit (in the first 24 hours) were collected through direct observation and in a "realtime" fashion. Data after 24 hours were collected daily through electronic and paper medical record queries.
Definitions
"Prerandomization blood products" were defined as all products received before arrival of the study cooler and tackle box. "Multiple organ failure" was defined using the Denver multiple organ failure scoring system. 18 "Infectious complications, severe sepsis, and septic shock" were defined in accordance with the guidelines of the American College of Chest Physicians and the Society of Critical Care Medicine. 19, 20 "Transfusion-related acute lung injury" was defined by the documentation of acute hypoxemia with PaO 2 /FiO 2 ratio of less than 300 mm Hg, bilateral infiltrates by chest radiograph (CXR) (in the absence of left atrial hypertension), and the no evidence of acute injury before transfusion. Onset of transfusion-related acute lung injury was required to have occurred within 6 hours of the last transfusion. "Nonsurvivable TBI" was defined by (1) the presence of a severe TBI upon admission and (2) the documentation by neurosurgical faculty of a nonsurvivable nature of the head injury or the declaration of brain death.
Sample Size and Power Calculation
The sample size calculation was based on the primary outcome (number of units transfused within the first 24 hours or in-hospital resuscitation. At the time of the sample size calculation, studies published on the use of predefined MT protocols demonstrated a potential reduction in 24-hour blood product use of 4 to 5 units. 21, 22 Based on the sample size calculations performed, a sample size of 66 patients per group had a power of 90% with a 2-tailed α of 0.05 to detect a difference of 4 units between the 2 groups. transfusion. Secondary analysis evaluated the per-protocol group. In addition, a sensitivity analysis was performed to address the initial inclusion of patients with severe TBI. Patients with head abbreviated injury scale (AIS) score of 3 or greater were excluded from this analysis.
Continuous data are presented as medians with 25th and 75th interquartile range (IQR), with comparisons between groups performed using the Wilcoxon rank sum test (Mann-Whitney U test). Categorical data are reported as proportions and, where appropriate, tested for significance using χ 2 or Fisher exact tests. All statistical tests were 2-tailed, with P < 0.05 set as significant.
STATA Statistical software (version 12.1; College Station, TX) was used for analysis.
RESULTS
During the study period, 1695 patients were screened (Fig. 1) . Of these, 1338 were initially excluded because of ineligibility (1241 due to inclusion failure and 97 from meeting exclusion criteria). A total of 357 eligible patients were then evaluated, of which 250 patients were excluded: 25 for blood type (not A or O group), 8 for receiving more than 4 RBC prerandomization, 38 had no trauma faculty present on arrival, 136 had trauma faculty unable to wait for type-specific product, and 43 had likely severe TBI. This left 107 patients who were randomized into the study. were no demographic differences between these groups (Table 1) . There were no differences in mechanism of injury (69% blunt in mWB vs 67% in COMP; P = 0.84), nor method of transport (71% of mWB arrived by helicopter vs 65% of COMP; P = 0.60) Although arrival vital signs and overall injury severity were similar, the mWB group did demonstrate a trend toward lower arrival Glasgow Coma Scale scores (P = 0.11) and higher head AIS score (median 0 with 0 and 3 IQR vs 0 with 0 and 2 IQR, P = 0.14). Initial trauma laboratory values were similar with a trend toward higher international normalized ratio in the mWB subjects (P = 0.14).
Intent-to-Treat Analysis
There were no differences in 24-hour RBC, plasma or platelet use between the 2 study groups. There was also no difference in median 24-hour volumes (3680 mL in the mWB group and 3920 mL in the COMP patients, P = 0.462.) Prerandomization RBC and plasma were similar (median 3 vs 3, P = 0.81). However, there was a trend toward less plasma and platelet transfusions in the first 3 hours after arrival among mWB subjects (P = 0.11 and 0.08, respectively) ( Table 2 ). Both 24-hour and 30-day mortality were similar between the 2 groups. The most common cause of death in the WB arm was nonsurvivable TBI, whereas exsanguination accounted for the majority of deaths in the COMP subjects (Table 3 With respect to complications between mWB and COMP subjects, there were no differences in ventilator-dependent respiratory failure (29% vs 33%, P = 0.68), adult respiratory distress syndrome (0.0% vs 1.9%, P = 0.32), infectious complications (20% vs 17%, P = 0.72), severe sepsis/septic shock (4.5% vs 2.0%, P = 0.35), acute kidney injury/acute renal failure (2.0% vs 1.5%, P = 0.53), multiple organ failure (7.6% vs 9.0%, P = 0.79), or abdominal compartment syndrome (1.8% vs 1.9%, P = 0.97). There were no cases of transfusion-related acute lung injury in either group. There were no differences in congestive heart failure (1.8% vs 0.0%, P = 0.33) or new onset arrhythmias requiring intervention (5% vs 2%, P = 0.34). There were also no cerebrovascular events, myocardial infarctions, or acute coronary syndromes in either group.
When comparing length of stay between mWB and COMP subjects, there were no differences in hospital-free days (median 
Per-Protocol Analysis
Thirty-nine WB patients and 42 COMP patients actually received study products, composing the per-protocol group (Table 1) . As with the intent-to-treat group, there were no differences in demographics or baseline data. Similarly, there were no differences in mechanism of injury (67% blunt in mWB vs 66% in COMP; P = 0.94), nor method of transport (72% blunt in mWB vs 66% in COMP; P = 0.58) Again, a trend was noted in the mWB group with respect to lower admission Glasgow Coma Scale score (P = 0.08) and higher initial international normalized ratio (P = 0.13).
There were no differences in 24-hour RBC, plasma, or platelet use between the 2 per-protocol groups (Table 2 ). However, there was a trend toward less platelet transfusions in the first 3 hours after arrival among mWB subjects (P = 0.06) Both 24-hour and 30-day mortality were similar between the 2 groups. The disparity in nonsurvivable TBI between groups was again observed and likely accounts for the difference observed in 30-day mortality (although not significant). Nonsurvivable TBI was the cause of death in 60% of mWB subjects vs 33% of COMP patients (P = 0.29). Exsanguination accounted for 30% of mWB deaths compared with 67% for those in the COMP arm (P = 0.14).
Sensitivity Analysis (Excluding Patients With Severe TBI)
The sensitivity analysis was conducted among those patients who received study products (per-protocol) and did not have severe TBI. Among these, 33 WB patients and 34 COMP patients were evaluated (Table 4 ). There were no differences in demographics or baseline data. No differences in mechanism of injury (64% blunt in mWB vs 59% in COMP; P = 0.68) or method of transport (53% blunt in mWB vs 52% in COMP; P = 0.94) were observed.
Among this cohort of patients, 24-hour RBC, plasma, and overall product use were significantly lower in the mWB group (Table 5 ). In addition, 24-hour platelet use demonstrated a trend toward decreased transfusion among the mWB subjects (P = 0.09). Prerandomization RBC and plasma were again similar (median 3 vs 3, P = 0.89). Both 24-hour and 30-day mortality were similar between the 2 groups. The median time to death in the mWB group was 11.7 hours (IQR of 3.9 and 135.4), whereas that of the COMP group had a time to death of 1.9 hours (IQR of 1.1 and 4.5); P = 0.149. This as well may represent a type II error.
DISCUSSION
Before the 1980s, WB was the primary resuscitation product for patients in hemorrhagic shock. However, with the widespread implementation of COMP therapy, saline solutions and packed RBCs quickly replaced WB. 4, 5, 23 However, the US military has used WB in every conflict since World War I and did so again in 1993 in Somalia. 24 In 2001, US military forces were deployed to Iraq and Afghanistan and began using WB with increased frequency. 25, 26 Data from these conflicts demonstrated that fresh WB was independently associated with a decreased blood product use and mortality. Soon after, WB was added to the Department of Defense's (DoD's) 's transfusion algorithm for severely injured casualties, with more than 10,000 units transfused to US personnel to date. 27 These experiences led to a consensus statement from military and civilian surgeons and physicians to dramatically rethink the resuscitation of hemorrhagic shock. 28 Damage control resuscitation soon emerged, promoting earlier and more aggressive use of plasma and platelets, in ratios approximating that of WB. This charge was consistent with that of investigators who had previously advocated for supplementation of hemorrhagic shock resuscitation with plasma rather than crystalloid or standard colloid solutions (albumin). [29] [30] [31] Mounting evidence from these and other investigators demonstrated the benefit of plasma-based resuscitation (and the harm of albumin and crystalloid solutions) on coagulation, renal function, and cardiovascular (CV) response to hemorrhage. In this randomized trial, we found in the intent-to-treat analysis that mWB did not reduce transfusion volumes in severely injured patients requiring emergent transfusions compared with COMP therapy.
In their retrospective study of casualties treated in Afghanistan and Iraq, military investigators noted that implementation of a fresh WB program was associated with a reduction in blood component use. 26 Israeli researchers demonstrated in postoperative cardiac surgery patients that fresh WB was superior to COMP therapy with respect to estimated blood loss, platelet transfusions, and platelet aggregation. 32 Ho and Leonard 33 recently evaluated their experience in Australia in a mixed population of patients (trauma, cardiac, obstetrics) receiving WB and COMP therapy. They noted that despite improved coagulation profiles, WB was not associated with decreased blood utilization. In this study, the primary outcome of interest (and the one on which the study was powered) was 24-hour blood product utilization. We found that in both the intent-to-treat and per-protocol analyses, WB was not superior to COMP therapy in blood product utilization. There was, however, a trend toward less plasma and platelet transfusions in the first 3 hours among WB subjects. The lack of statistical significance may represent a type II error.
A critical difference, however, exists between the products used in these studies and in the current pilot study. 25, 32, 34 Although the military experience was with warm, fresh WB, we used modified WB that was not fresh and did not retain native platelet function for reasons stated in the "Materials and Methods" section. 34 This major difference could account for the discrepancy in these studies. However, our product is similar to that used in studies from Harborview in the 1980s. 13, 14 In those studies, the investigators used modified WB that was prepared by actively removing platelets and cryoprecipitate from the product. During preparation of the modified WB units in this study, platelets were removed from our WB units by a leukoreduction filter system, which was required by the sponsoring agency (DoD). In addition, cryoprecipitate was not removed from our individual WB units. In their mixed population study (patients with trauma, gastrointestinal hemorrhage, and aortic aneurysm), the Harborview investigators randomized 41 patients who had been transfused at least 12 units of modified WB to receive either supplemental plasma or platelets.
14 Among this critically ill group of patients (mortality rate, 60%), the investigators noted that patients receiving supplemental platelets transfusions had a trend toward shorter duration of shock/hypotension and received less resuscitation volumes (both P < 0.10). There was no difference in survival.
As noted in the "Materials and Methods" section, soon after beginning the trial, we noted that a considerable number of patients with severe TBI had been enrolled. In addition, despite randomization and blinded group assignment, a disparate number of patients with TBI were enrolled in the WB arm. Not surprisingly, univariate analysis demonstrated that WB subjects had lower Glasgow Coma Scale scores, higher head AIS scores, and higher incidence of nonsurvivable TBI. To address this, a sensitivity analysis was performed to assess the primary and secondary outcomes of patients without severe TBI (AIS score <3). We found that in patients without severe TBI, WB significantly reduced transfusion volumes of RBC and plasma and other blood products. In addition, there was a strong trend toward reduction in 24-hour platelet transfusions (P = 0.09). These findings are not surprising given that resuscitation endpoints (not incorporating permissive hypotension) and approaches to coagulopathy (use of platelets and plasma for more subtle abnormalities on coagulation testing) in these patients differ quite significantly from that of traditional damage control resuscitation strategies.
Despite being a randomized controlled trial, this study has several limitations. First, although this was a single-center, pilot study intended to assess the impact of WB on transfusion volumes, it was also designed and intended to examine the feasibility of conducting a WB trial of bleeding patients, using Exception From Informed Consent. Moreover, it was an examination of the ability to randomize and use WB in a civilian setting. Second, as noted previously, we failed to specifically exclude patients with severe TBI from our initial protocol. Not surprisingly, several patients with severe and even nonsurvivable TBI were randomized early on in the study. Next, we did not use an objective scoring system in this study to randomize patients and, therefore, did not always include patients who would have received an MT. Learning from this, we incorporated a validated screening tool (ABC score) to identify patients for randomization in our current transfusion study, Pragmatic, Randomized Optimal Platelet and Plasma Ratios (PROPPR)-a multicenter, randomized trial of blood product ratios. 35, 36 Finally, from this study's initial design to its first randomized patient, almost 4 years elapsed. During this time frame, our center's standard of care and faculty experience and expectations for patients in hemorrhagic shock changed dramatically. Our MT protocol underwent significant alterations, initial MT protocol cooler delivery was reduced to less than 10 minutes, and blood and plasma were immediately available to us in the ED. Therefore, when faced with an additional delay for WB randomization (an additional 5-10 minutes for blood typing), trauma faculty often excluded the sickest patients from the study, opting for delivery of the first MT cooler in a more timely fashion (within 10 minutes vs 15-20 minutes).
CONCLUSIONS
Compared with COMP therapy, WB did not reduce transfusion volumes in severely injured patients predicted to receive MT. As well, both 24-hour and 30-day mortality were similar between groups. However, in patients without severe brain injuries, WB significantly reduced RBC, plasma, and overall transfusion volumes. night, it was turned into components the following day. So we had whole blood 365 days a year.
In addition, there were 800 policemen who were on duty at any given time in San Francisco. If we wanted fresh, whole warm blood, we could bring in whatever we needed by radioing these cars, and they would come and respond. Similarly, we bled residents, we bled medical students, we bled firemen, and we bled faculty surgeons.
So, we could get whole blood. I think that in future studies, it would be nice to have real whole blood that was warm, because I think the military has shown that this is the ideal for reducing mortality and morbidity.
Response From Bryan A. Cotton:
We couldn't agree more about the fresh, warm whole blood and the differences with our modified component. Considering the time when we implemented this study, I think we were very spoiled that we even had a blood center that was open to conducting a blood trial such as this and allowing us to have whole blood.
Fractionation or component therapy is a much more economic and business-friendly model. Fractionation of whole blood into its components is often equated to stealing a car and chopping it up into parts; you can not only make more money selling the parts than selling the whole car but also serve more people. To disrupt the process of using blood components by asking them to do this whole blood was a big undertaking. I think doing it in a fresh, warm whole blood in the future would be beneficial and I advocate it. It also brings back the platelets and their activity in contribution.
As far as the circulating levels and factors and cytokines, that analysis was captured. We had a very robust laboratory core that was developed for this at the ISR in San Antonio, with Par Johansson in Copenhagen, Denmark, and in San Francisco with Mitch Cohen. And that work and data are ongoing, and we look forward to actually having that data soon.
DISCUSSANTS M.A. Schreiber (Portland, OR):
One of the big problems with fresh whole blood is storing it. Each of the components of the fresh whole blood has different storage requirements. So, my first question for you is how long can you store this modified whole blood?
Response From B.A. Cotton:
The modified whole blood can be stored up to 5 days.
DISCUSSANTS Charles E. Lucas (Detroit, MI):
